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This paper describes a study to determine the emission and performance characteristics of a commercial crossflow
dryer, ACE Model 2165-D. The dryer was not fitted with optional equipment tospecifically control particulate emission.
The emission results showed that the average rate ofemission was 1.3 ± 0.4 kg/h or4.7 ± 1.4 kg/100 m3 ofdried
corn when precleaned grain corn was dried. These results have been accepted by the Ontario Ministry ofthe Environment
for impingement concentration calculations.

INTRODUCTION

Noise and dust emissions from country
elevators have become an increasing
source of complaints for the Ontario Min
istry of the Environment (OME) during
the past 10 yr. Much of the problem is
caused by an influx of commuters who are
attracted by lower housing costs and other
advantages of living in small communi
ties. Subsequent growth of the commu
nities frequently causes a conflict with es
tablished agricultural operations, includ
ing farms and elevators.

In contrast with industrial processes,
OME has few data on the source of par
ticulate emission from country elevators.
Nevertheless, grain dryers are considered
to be the main source because they emit
a light, flaky, reddish material during
drying of grain corn. This material, which
is known as 'red-dog' or 'beeswings,' is
highly visible and will be carried vast dis
tancesby the wind. In an attempt to obtain

some quantitative information on partic
ulate formation in dryers, OME negoti
ated a study with the Schoolof Engineer
ing, University of Guelph. Although the
study identified the type of particulate
material and the main areas in the dryer
where it is generated, it did not consider
the emission into the environment (Meier-
ing et al. 1977).

A simultaneous survey of the literature
also failed to provide the data needed to
establish guidelines for setting acceptable
emission levels. The lack of emission data
is due to the difficulties encountered in
sampling when the exhaust air contains
large particles and exits over a large area
at relatively low velocities. As illustrated
by the summary in Table I, the emission
rates depend on dryer design as well as the
sampling method. Myers (1973) per
formed multiple studieson two Aeroglide
dryers and found that the measured emis
sion varied with the sampling train used

TABLE I. SUMMARY OF EMISSION TESTS

to collect the particulate material. Despite
the variation in results caused by sampling
techniques, it is clear that the addition of
emission control equipment to the Aerog
lide rack dryers resulted in a reduction of
particulate emission.

Faced with an increasing number of
complaints and hampered by a lack of re
liable data, OME decided to use the big-
stick approach by requiring emission con
trol equipment on all new dryers installed
near buildings which are not part of the
elevator complex. However, even this re
quirement might still produce emission
concentrations at those impingement
points which exceed the ambient air qual
ity criterion of 200 |xg/(h.m3 of air) used
by OME (O'Keefe 1982, pers. commun.).
It was therefore decided in 1979 to con

duct a study to determine the total partic
ulate emission rate from a commonly used
crossflow dryer with emission control
equipment. The work was carried out by

Capacity

Emission rate

(kg/100 m3 of
Dryer Control system (m3/h) Sampling method (kg/h) dried corn) References

Rack dryers
Aeroglide None 375 UPO train 49 31 Myers (1973)

JOY-EPAt train 13 35 Myers (1973)
Aeroglide rack None 725 Not specified 60 83 Anonymous (1971)
Aeroglide rack Wiedermann Screen 100 EPA* hi-vol 45 45 Shannon et al. (1973)
Model 2010C/GLH Kleen (34-mesh) train (43.3 m3/h)
Aeroglide rack Wiedermann Screen 145 UPO train 42 9 Myers (1973)

Kleen (50-mesh) JOY-EPA train 2.3 2 Myers (1973)
Hess rack DAY-VAC dust filter 36 EPA* method 2.7-4.5 8-13 Anonymous (1973a)

Crossflow dryers
Zimmerman

Model 8AP-1200

None 375 Rader hi-vol train 2.4 6 Anonymous (1971)

Mathews Company
Model 900

None 145 Rader hi-vol train 1.2 8 Shannon et al. (1973)

ACE Behlen ROTO-VAC 250 JOY-EPA train 0.8 3 Gnypetal. (1980)

tJOY-EPA, Joy Manufacturing Agency Company's Emission Parameter Analyzer.
^Environmental Protection Agency.
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Gnyp et al. (1980) on a new ACE Model
2165-D dryer equipped with a Behlen Ro-
tovac.

In the Rotovac equipment particle-laden
air exhausting from the dryer is passed
through a 62-mesh (0.32-mm-diameter
openings) polyester filter which is at
tached to a drum rotating at 120 r/h. The
deposited particles are continuously re
moved from the outer surface of the filter
by vacuum nozzles and collected in high
efficiency cyclones for disposal.

In the 1979 study three complete emis
sion tests were carried out according to the
OME Source Testing Code (Anonymous
1973b) on the exhaust air leaving the filter
system. It was found that the average Ro
tovac emission rate was 0.82 ± 0.01 kg/
h or 3.39 ± 0.17 kg/100 m3 of dried grain.

The capital cost of installing the Roto
vac system increases the cost of an ACE

OVERFLOW

(^DRYER LEG^^>

Model 2165-D by about 40%. In addition,
the fine starch particles in the saturated air
exhausted from the dryer caused operating
problems during the 1979 drying season.
For these reasons, the dryer manufacturer,
Dorssers Welding Company Ltd., com
missioned a second study with the objec
tive of obtaining emission and perform
ance data on an uncontrolled ACE dryer
using precleaned corn.

The emission data have been reviewed
and accepted by OME for calculation of
the impingement concentration contours
of ACE Model 2165-D installations.

This paper presents a description and
results of the study.

GENERAL INFORMATION

Project Site
A flow diagram of the country elevator

selected for the study is presented in Fig.

SCREENINGS

DUST

(^TOP AUGEFt^)

/\—SAMPLING POINTS

Figure 1. Grain handlingsystemat the test site.

1. Wet grain is dumped into an unloading
pit and elevated to a cleaner (Western Gy
rating Cleaner, by A.T. Ferrell and Co.,
Saginaw, Mich.) on the second floor of
the elevator house. Cleaned grain is grav
ity-fed into an automatic dump scale while
the cleaner tailings are removed to the dust
or screening bins. Because the intake ca
pacity of 110 m3/h is much greater than
the dryer capacity, grain from the scales
is elevated into one of several wet storage
silos. Grain transferred from the holding
silos to the dryer must pass through an
aspirator cleaner (Dorssers Welding Co.
Ltd., Blenheim, Ont.) in which red dog
and other light particulate matter is re
moved. Dried grain is put into silos for
final cooling and storage.

ACE Model 2165-D Grain Dryer
A side view of the crossflow dryer is

shown in Fig. 2 and a summary of the de
sign characteristics is given in Table II.
As the result of an earlier study (Otten et
al. 1980), the dryer is designed to recir
culate all of the cooling air and part of the
exhaust drying air to the fan. By recycling
air, some of the unused energy is re
covered and less particulate matter is
emitted.

In an attempt to reduce the amount of
particulate matter leaving the grain col
umns, the manufacturer used screens with
2.0-mm-diameter openings instead of the
standard 2.8-mm openings. This was one
of the recommendations made by Meier-
ing et al. (1977) but it had not been im
plemented until the construction of this
dryer.

With a limited supply of natural gas at
the elevator site, the 37 x 106 kJ/h burner
is fueled by a mixture of natural gas and
propane. The proportion of each fuel de
pends on the availability of natural gas.

It was necessary to modify both sides
of the dryer to allow proper sampling of
the particle-laden exhaust. As illustrated
in Fig. 2, each louvred opening was cov
ered with an assembly consisting of three
sampling duct extensions. The assembly
was originally built for the 1979 Newbury
project (Gnyp et al. 1980).

Details of a typical extension are shown
in Fig. 3. The egg-crate flow straighteners
provide nine 0.09-m2 sampling areas in
each of which two sampling points are
spaced 100 mm apart. Each sampling
point is located two equivalent diameters
upstream and downstream of flow disturb
ances. With three duct extensions on each
side of the dryer and 18 sampling points
per extension, a total of 108 points is used
to collect samples.
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Figure 2. Side view of the dryer with the sampling duct extensions.

General Description of the Tests
A complete evaluation of the emission

characteristics of a grain dryer requires
knowledge of the operating conditions of
the dryer and the quality of the grain. For
this reason the tests were planned so that
emission and performance data were ob
tained simultaneously. Thus, while the
University of Windsor group collected
emission samples, Wellington Engineer
ing Ltd. and University of Guelph person
nel collected grain samples and perform
ance data.

The emission tests included evaluation

of (1) total particulate loading in the ex
haust air; (2) particulate matter emission
rate on a dry air basis at 25°C and 101.0
kPa; (3) particle size distribution of par
ticulate matter in the exhaust air (4) av
erage volumetric flow rate of exhaust air;
(5) volumetric flow rate of air from each
sampling extension; (6) temperature and
humidity of exhaust air and ambient air;
and (7) wind speed and direction.

The performance tests included evalu
ation of (1) inlet and outlet average mois
ture content of corn; (2) inlet and outlet
cracked corn and foreign material (CCFM)
and quality of corn; (3) corn flow rate; (4)
specific energy consumption; (5) dry and
wet bulb temperatures of the drying air,
cooling air, recirculating air, exhaust air
and ambient air streams; and (6) cleaning
efficiency of the aspirator and cleaner.

Before a test was started, the dryer was
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Figure 3. Details of a typical sampling duct extension.

CANADIAN AGRICULTURAL ENGINEERING, VOL. 25, NO. 1, SUMMER 1983

x-SAMPLING POINTS

IB



TABLE II. ACE MODEL 2165-D DESIGN CHARACTERISTICS

Grain column

Length (height) 20 m

Width 6.4 m

Thickness 0.3 m

Capacity per column 40 m3

Number of columns 2

Length drying section 13.4 m

Length cooling section 6.6 m

Screen panel size 0.3 x 0.9 m

Perforation size 2.0 mm

Gauge 18

Open area fraction 40%

Corrosion protection Oxide primer paint

Drying fan
Type DWDI Dorssers Centrifugal
Diameter 1.7 m

Speed 9.2 r/sec

Motor size HOkW

Electrical demand (running) 100-107 kW

Static pressure (operating) 690 Pa

Rated capacity 197 000 m3/h @ 500 Pa
Airflow rate 400 (L/sec)/m2 of screen

Cooling fan
Cooling is proovided by drying fan at a static pressure of 300 Pa.

Burner

Type MAXON Model NP 136B

Fuel Natural gas and propane
Rated capacity 37 GJ/h

Control system Manual thermostat; high-temperature limit switch; one
flame detector

Grain movement

Elevation (input and discharge) Bucket conveyors
Metering device Fluted meter rolls driven by variable speed hydraulic motor
Discharge mechanism 0.23-m diam. screw conveyor
Rated capacity 36 m3/h at 10 percentagepoints moisture removal

operated for several hours to ensure
steady-state conditions. Since the OME
compliance program requires three sets of
loading data for the dryer, both sides of
the dryer were sampled on 18 and 25 Oct.
1980 to obtain two sets of data. The third

set was obtained by sampling the south-
side of the dryer on 21 Oct. and the north-
side on 29 Oct.

Emission Testing
Emission data acceptable for submis

sion to OME must be obtained according
to their Source Testing Code (Anonymous
1973b). The Code specifies the composi
tion and qualifications of the sampling
team, locations of sampling sites in the
stack or duct, number and distribution of
sampling points, sampling time and vol
ume per point, type and operating proce
dure of equipment, laboratory analysis of
samples, and reporting procedure.

Since the particulate matter emitted
from grain dryers is not specifically men
tioned in the Code and because the number
and location of sampling points deviated
from those specified in the Code, it was
necessary to review the project with the
Air Management Branch of OME prior to
conducting the source sampling tests.

The sampling train employed for solid
particulate matter acquisition is shown
schematically in Fig. 4. It was manufac
tured by the Western Precipitation Divi
sion of Joy Manufacturing and sold under
the trade name Emission Parameter Ana

lyzer (Joy-EPA). This model is approved
by OME and the U.S. Environmental Pro
tection Agency. To ensure accurate meas
urements with the sampling train, the S-
type Pitot tube-sampling nozzle combi
nation, orifice rate meter and dry total gas
meter were calibrated according to stand
ard procedures (Environment Canada
1974).

To determine the particle-loading of the
exhaust air, the duct extensions were trav
ersed using the cumulative sampling
method. This involved sampling for 150
sec at each point, collecting about 8.5 m3
of exhaust air. After a point was sampled,
the probe was quickly moved to the next
point and the sampling flow rate was ad
justed to match the velocity of the undis
turbed exhaust stream at the sampling
point. Velocity matching or isokinetic
sampling is necessary to ensure that not
more or less exhaust enters the train than
would normally cross the probe area. Each
duct extension was traversed at the three

levels shown in Fig. 3, each time starting
with the point closest to the far wall.

After sampling a set of three or six ex
tensions, depending upon whether one or
both sides of the dryer was sampled that
day, the contents of the first three im-
pingers were sealed until sample analysis
in the laboratory. The filter assembly,
nozzle, probe and cyclone were also
sealed and transported to the laboratory
for subsequent sample recovery and anal
ysis.

An Andersen cascade impactor was
used in three separate tests to determine
the particle size distribution of the emitted
solids. As with the loading determina
tions, it was necessary to provide isoki
netic conditions at the sampling points.

Performance Testing
All measurements needed to obtain the

performance of the dryer were made using
a procedure developed over the past 5 yr
while testing various farm and industrial
grain dryers (Otten et al. 1980). All tem
perature, energy consumption and mois
ture content readings were recorded at
half-hour intervals.

Natural gas consumption was recorded
with a Roots Meter (Model 7M125) while
propane consumption was measured with
a Canadian Meter Co. Ltd. gas meter
(Model AL12300).

Electrical demand and usage were de
termined from voltage and current meas
urements and the performance curves of
the motors.

The grain flow rate was determined at
least once for each test by weighing about
110 m3of wet corn into an empty silo. The
mass flow rate was calculated from the

weight and the time required to dry the
corn. Conversion to volumetric flow rate

required use of the average test density of
dried grain.

Grain samples were collected before
and after the aspirator, cleaner, and dryer
(sample points 1 through 5 in Fig. 1). The
samples were used to determine moisture
content, CCFM, test density, and amount
of kernel damage, all according to stand
ard methods recommended by the Cana
dian Grain Commission.

RESULTS

Emission Results

The results of the particulate emission
tests are summarized in Table III. The am
bient conditions are from measurements

at the beginning and end of each experi
ment, while the exhaust conditions rep
resent the average of those observed at
each sampling point. The emission rate is
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Figure 4. Schematic diagram of the Joy-Emission Parameter Analyzer sampling train.

calculated from the total particulate matter
collected and the averaged exhaust con
ditions measured while traversing one or
both sides of the dryer. All data reduction
and analysis were done according to the
OME Source Testing Code (Anonymous
1973b).

Although the ambient conditions re
ported in Table III are necessary to cal
culate the emission concentration contours

away from the dryer, the most important
results are the emission rates. By combin
ing the results of all the tests, the average
emission rate of the dryer was 1.3 ± 0.4
kg/h.

Particle size distributions of the emitted

particulate matter, as determined by the
Andersen cascade impactor, are summa
rized in Table IV on a cumulative mass

basis.

Over 75% of the emitted material con

sisted of particles whose diameter ex
ceeded 10 \xm. About 12% of the particles
had a diameter of less than 1 fxm. These
size distributions were confirmed by the
relative amounts of solids collected in the

various components of the sampling train.

Dryer Performance Results
Although temperature, energy con

sumption and moisture content data were

TABLE III. EMISSION RESULTS

Test no.

1 2 3 4

Ambient conditions

Wind speed (km/h) 5-13 6-8 6-11 3-10
Wind direction wsw WNW N NNE

Temperature (°C) 13.6 16.7 9.3 4.4

Moisture content (vol. %) 1.15 1.12 0.91 0.55

Exhaust conditions

Dry bulb temp. (°C) 34.8 34.0 33.8 33.0
Wet bulb temp. (°C) 34.1 34.0 33.8 32.6
Flow rate 24 600 12 800 20 700 9 800

Emission results

Side of dryer N&S s N&S N

Particulate collected (mg) 76.1 65.0 67.1 52.5
Emission rate (kg/h) 1.17 1.01 1.01 0.80
Specific dryer emission

(kg/100 m3 of dried corn) 3.82 6.89 3.18 4.82

collected at half-hour intervals during
each test, only those data and samples ob
tained during the mass flow rate determi
nations were used.

As shown in Table V, three complete
tests were run on 18, 25, and 29 Oct.
However, difficulties in scheduling the
tests made it necessary for the emission
sampling team to run a test on the south
side of the dryer on 21 Oct. when person
nel of Wellington Engineering Ltd. could
not be present. The grain samples and

mass flow rate data were collected by the
elevator manager of Taylor Grain Co. Ltd.

The total energy consumption was cal
culated assuming that the average heating
values of natural gas and propane are
37.28 and 94.84 MJ/m3, respectively. In
the energy efficiency calculation it was
assumed that the heat of vaporization is
3020 kJ/kg of water removed.

The range of initial moisture contents
presented in Table V demonstrates the
variability in the moisture content of the
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TABLE IV. PARTICLE SIZE DISTRIBUTIONS OF PARTICULATE EMISSIONS ON A MASS
BASIS

Anderseni AndersenL Andersen

Test 1 Test 2 Test 3

DP ^P D?
(u.m) %<DV (fjim) %<DV (ixm) <%<DV

9.40 26.3 9.70 24.0 9.10 22.3

5.90 18.8 6.10 23.0 5.80 12.8

4.00 14.2 4.10 19.9 3.90 9.1

2.80 12.8 2.90 18.9 2.90 9.1

1.70 11.5 1.80 18.4 1.60 8.3

0.89 10.1 0.92 15.8 0.84 7.9

0.53 8.9 0.55 15.3 0.50 7.9

0.36 8.7 0.37 15.3 0.34 7.9

Dp = particle diameter.

TABLE V. DRYER PERFORMANCE TEST RESULTS

Date

80/10/18 80/10/21 80/10/25 80/10/29

Air conditions

Ambient temp. (°C) 12.2 -
8.3 5.0

Ambient rel. hum. (%) 64 -
79 62

Drying temp. (°C) 109
-

110 110

Cooling temp. (°C) 30
-

28 26

Cooling rel. hum. (%) 74
-

80 91

Energy consumption
Natural gas (m3/h) 298.99 -

324.32 360.83

Propane (m3/h) 55.50 -

42.85 29.15

Electricity (kW) 100
-

102 107

Total consumption rate (GJ/h) 16.78
-

16.52 16.60

Corn parameters
Inlet/outlet MC (% WB) 29.8/16.1 29.8/16.9 29.8/17.6 27.9/16.9

Range of inlet MC (% WB) 25.9-34.9 28.4-31.2 27.4-34.2 24.5-29.7

Inlet/outlet temp. (°C) 18/38 -

15/16 6/33

Inlet/outlet CCFM (%) 0.64/0.93 -
1.25/1.83 1.43/1.82

Inlet/outlet test density (kg/m3) 653/695 626/688 644/675 649/676

Damaged kernels (%) 0.85 0.53 0.53 0.88

Mass flow rate, wet dry, (tonne/h) 25.1/21.0 23.6/20.0 24.9/21.2 25.7/22.2

Volumetric flow rate, wet/dry (m3/h) 38.9/30.6 38.1/29.3 39.0/31.8 39.8/33.2

Specific energy consumption
Moisture removal rate (kg/h) 4110 3670 3690 3400

Specific energy consumption (kJ/kg) 4080
-

4480 4880

Overall energy efficiency (%) 74
-

67 62

within the limits established for No. 2

corn.

The results showed a significant in
crease in CCFM as the grain was dried.

This increase was expected because lab
oratory tests have established that drying
generates new particulate matter.

The wet and dry capacity results were
calculated from the weighed runs and the
corresponding wet and dry test densities.
The variation in capacities for the four
tests is due to the difference in the amount

of moisture removed and the different am

bient conditions. In any case, if the results
are converted to 10 percentage points of
moisture removal, the lowest recorded ca
pacity is 36 m3/h of dry grain and the high
est one is 41 m3/h of dry grain.

The specific energy consumption re
sults in Table V vary consistently with the
ambient and grain conditions. Since some
of the energy put into the air is used to
bring the drying air and the wet grain up
to the drying temperature, this energy is
not available for drying. Therefore, the
lower the ambient and wet grain temper
atures, the higher the specific energy use
and the lower the overall efficiency.

Performance of Aspirator and Cleaner
On 25 and 29 Oct. three sets of samples

were collected before and after the aspi
rator (points 3 and 4 in Fig. 1). Each set
contained about 4.5 kg of grain which was
collected over a period of 30 min. Samples
were taken simultaneously from the bot
tom of the dryer leg and from the spout
leading from the aspirator to the dryer.
The results for each of the six tests shown
in Table VI are the average of four mois
ture content and CCFM determinations on
each set of samples. The percent reduction
in CCFM obtained by passing corn
through the aspirator varied from 18 to
37%.

Similarly, grain samples were collected
at 5-min intervals while grain from a sin
gle source was being unloaded on 25 and
29 Oct. The sampled shipments were at
least 10 tonnes. Four moisture content and

CCFM tests were run after mixing the sub-
samples for each day. The averaged re
sults in Table VI indicate that about

different loads of grain received by the
elevator during normal operation. Al
though the variations cause some diffi
culty in controlling the dryer, experienced
operators are generally able to obtain a
dried product at the desired final moisture
content by blending relatively wet and dry
grain as it enters the dryer.

The moisture content of the grain leav
ing the dryer was greater than 16%and the
temperature exceeded 32°C. These con
ditions are consistent with the practice at
Taylor Grain Co. Ltd. to cool the grain to
ambient conditions in the storage bins.
This delayed-cooling approach uses the
sensible heat of the grain to remove an
other 0.5-1 percentage point of moisture.

The grain quality parameters of test
density, CCFM, and kernel damage are

TABLE VI. PERFORMANCE OF ASPIRATOR AND GRAIN CLEANER

116

CCFM CCFM Percent

Test Date of MC before after reduction

number test (% WB) (%) (%) in CCFM

Aspirator
1 80/10/25 30.4 2.89 2.36 18.3

2 80/10/25 28.5 1.53 1.15 24.8

3 80/10/25 27.3 0.99 0.62 37.3

4 80/10/29 29.8 0.93 0.64 31.2

5 80/10/29 29.8 1.83 1.25 31.7

6 80/10/29 27.9 1.82 1.43 21.4

Cleaner

1 80/10/25 26.9 1.13 0.35 69.0

2 80/10/29 28.7 1.41 0.60 57.5
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60-70% of the broken kernels, harvest
trash and other foreign material was re
moved by the cleaner.

To obtain an estimate of the size of the

material removed by the aspirator and
cleaner, 2-kg samples of streams 6 and 7
were also collected. The values in Table

VII are the average of four separate sieve
analyses. Before the distribution tests
were run on cleaner screenings, all pieces
of cobs and stalks were removed.

A visual examination of the material

removed by the aspirator from cleaned
corn showed that about half of the material

was red-dog. The particle size analysis in
dicated that at least 27% of the particles
are greater than 2.4 mm in size, or are
larger than the screen perforations of 2.0
mm. However, most of the material re
moved by the aspirator is small and light
enough to be emitted from the dryer.

In addition to the pieces of cobs and
stalks, 43% of the material removed by
the cleaner exceeds a particle size of 2.4
mm in diameter, and 84% exceeds 1.2
mm. The screenings consisted mostly of
brokenkernels which have a specific grav
ity of about 1.2. In view of the large par
ticle size and the specific gravity, most of
the screenings would either be retained by
the dryer screens or settle out in the ex
haust plenum.

DISCUSSION

The emission rates are the most impor
tant part of the study because they are
needed to calculate the particulate concen
tration contours around the dryer (Anon
ymous 1980). OME has accepted the re
sult of the study and uses it to determine
the impingement concentration at the
nearest dwelling when an application to
erect an ACE Model 2165-D dryer is re
ceived. If the impingement concentration
is less than 200 |xg/h.m3 of air), approval
is given; if it is greater, pollution control
equipment must be used or the site
changed (O'Keefe 1982, pers. commun.).

The specific emission rate of 4.7 ±1.4
kg/100 m3 of dried grain is of the same
magnitudeas the 3.4 ± 0.2 value reported
by Gnyp et al. (1980) for an ACE Model
2165-D equipped with emission control
equipment. Although the Rotovac equip
ment does reduce the amount of particu
late matter emitted, the decrease is con
siderably smaller than expected. The net
result is that an uncontrolled dryer with
the specification shown in Table II is ac
ceptable for elevator sites which previ
ously would only be approved if pollution
control equipment were included.

One important item of the dryer speci
fications is the use of screens with 2.0-

TABLE VII. PARTICLE SIZE DISTRIBUTION OF CLEANINGS-PERCENT BY WEIGHT

Source of
Particle size (mm)

cleanings >2.4 1.2-2.4 0.6-1.2 0.3-0.6 0.15-0.3 <0.15

1. Screenings
from cleaner

2. Cleanings from
aspirator

43.3

26.9

40.6

28.4

10.9

16.2

4.0

10.0

0.9

9.0

0.3

9.5

mm-diameter openings. The size distri
bution results of the samples from the
cleaner and aspirator show that a consid
erable amount of fine material is removed
before corn enters the dryer.

Drying conditions are probably more
important in determining the emission rate
than may be evident from the results. If
there is extensive condensation in the col

umn enclosure, particulate matter may act
as nuclei for condensation or come in con

tact with the wet walls. In either case the
particles will probably stay inside the en
closure. Indeed, visual examination of the
enclosure showed a considerable amount
of condensation and particulate matter on
the walls, floors, screen supports and, to
a lesser extent, on the screens.

The same observation was also made by
Hoefkes (1976) when he performed emis
sion studies on a pilot scale dryer at the
University of Guelph. He concluded that
drying corn with a low initial moisture
content (<20% WB) resulted in less vapor
condensation and higher emission rates.

Wet corn used in the present study had
a moisture content range of 25-35% WB,
which represents the normal range en
countered during the harvest season.

Since the emission rates were obtained
with precleaned grain, any new plant must
also have a cleaner and aspirator. It is in
teresting to note that the south-side emis
sion rate obtained in Test 3 was only 5%
higher than that of the north-side, even
though uncleaned corn was being dried
during the south-side sampling period.
This small increase is readilyexplainedby
the fact that the cleaner was shown to re
move broken kernels rather than the fines
which could pass through the dryer
screens.

The importance of the aspirator is
clearly illustrated by the reduction in
CCFM and the type of material removed.
Although much of the material has a par
ticle diameter greater than the screen
openings, it consists mostlyof red dog and
other fragile particles which are easily
fractured during drying.

The dryer performance results show
that the dryer was operated at uniform
conditions throughout the study. The ca
pacity was nearly constant at 39 m3of wet

corn per hour and a moisture removal of
11-12 percentage points which is higher
than the rated capacity of 36 m3at 10 per
centage points removal. The specific en
ergy consumption values are of the same
magnitude as those observed in an earlier
study of an ACE dryer under comparable
ambient and harvest conditions (Otten et
al. 1980). The decrease in overall energy
efficiency with a decrease in ambient and
wet grain temperature is as expected.

CONCLUSIONS

The main conclusions drawn from the

project results are as follows.
1. The results of the compliance tests

showed that the average emission rate of
the dryer operated with precleaned No. 2
grain corn was 1.3 ± 0.4 kg/h or 4.7 ±
1.4 kg/100 m3 of dried corn.

2. The grain cleaner removed about
60-70% of the CCFM in the wet corn.
About 84% of the screenings had a particle
size greater than 1.2 mm diameter.

3. The aspirator removed between 18
and 37% of the CCFM before the grain
entered the dryer. The bulk of the removed
fines was 'red dog' with a particle size
greater than 1.2 mm diameter.

4. The dryer capacity was at least 10%
greater than the rated capacity of 36 m3 of
wet grain per hour.
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